Paederia foetida and P. scandens are two important and well explored Paederia species (Rubiaceae). P. foetida, which grows mainly in China, Bangladesh, India and Mauritius, has been used in folk medicine for the treatment of inflammation, piles, and diarrhea, while P. scandens is used to treat aches, jaundice, dysentery and dyspepsia as a folk medicine in the southern region of China, Vietnam, India and Japan. This review covers the comprehensive knowledge of the traditional medicinal uses, phytochemistry, pharmacology, toxicology and clinical studies of P. foetida and P. scandens. Phytochemical studies revealed the presence of iridoids, flavonoids, volatile oil, and other metabolites in these two species, which possess versatile bioactivities like antinociceptive, anti-inflammatory, antidiarrheal, antitussive and antitumor activities. An injection developed from P. scandens has been clinically used as an analgesic drug. P. foetida and P. scandens have emerged as a good source of traditional medicines. Available scientific references reveal that the biological properties of these two Paederia species have been evaluated by modern pharmacological studies. However, bioguided isolation of active constituent responsible for the medical uses, as well as study of their structure-activity relationship and mode of actions, is urgently needed.
: Structure of the major iridoid glycosides from P. foetida and P. scandens. Whole plant [19] were characterized to be oxygen-containing monoterpenes (56.2%, 40.4% and 34.0% in leaves, flowers and stems, respectively) and phenolic compounds (5.8%, 12.7% and 16.2% in the leaves, stems and flowers, respectively). Linalool, α-terpineol and geraniol were dominant among the oxygen-containing monoterpenes, and linalool was expected to be an important aroma component of P. foetida on account of its high concentration (38.8% in leaves, 21.5% in stems and 25.2% in flowers) [4] . In addition, the three essential oils were also characterized by the presence of sulfur compounds, especially dimethyl disulfide in great quantities (19.5%, 1.9%, and 1.1% in the leaves, stems and flowers, respectively).
In 2000, Ma et al. identified and quantitatively determined, by GC/MS, 31 components in the volatile oil from the dried plant of P. scandens. The main components were isopentyl acetate [22] (20.2%) phenylmethyl acetate (8.0%), 2-phenylethyl acetate, 5,6,7, 7α-tetrahydro-4,4,7α-trimethyl-2(4H)-benzofura-none (2.4%), pentadecanoic scid ethyl ester (6.8%), hexadecanoic acid (6.8%) and isopentyl decanoate (5.7%) [21] . In 2003, Yu et al. studied the chemical constituents of the volatile oils from the fresh plants of P. scandens. Twenty-seven compounds were characterized by GC/MS, including acetic acid (31.1%), isobomeol (6.3%), β-fenchyl alcohol (7.3%), furfural (7.5%), 3-furanmethanol (6.1%), and linalool oxide (8.5%) [22] . These results suggest that the volatile oil from the dried and fresh plants of P. scandens were significantly different from each other.
Other compounds:
A number of other compounds have also been isolated from these two species, including triterpenoids, sterols, coumarins, phenolic acids, and anthraquinones. Previous chemical studies also revealed the presence of fatty acids (ceryl alcohol, hentriacontanol, palmitic acid); carotene; a triterpene (ursolic acid); steroids (sitosterol, stigmasterol, campesterol); and others (paederolone, paederone, paederine, paederenine) in the leaves and stems of P. foetida [16, 23, 24] . Recently, D/L-galacturonic acids were obtained from leaves of P. foetida [25] .
For P. scandens, the following components have also been reported: embelin, 10-epichlorophyll and pheophytin [20] ; epifriedelanol, oleanolic acid and ursolic acid; caffeic acid-4-O-β-Dglucopyranoside, p-hydroxyl-benzoic acid, caffeic acid and coumaric acid; daucosterol, γ-sitosterol, β-sitosterol, sitosterol, stigmasterol; rubiadin-1-methylether (anthraquinone); isoscopoletin, cleomiscosin B and cleomiscosin D (coumarins), and isolariciresinol (lignan) [19] . In addition, three ursane-type triterpenoids, 3β, 13β-dihydroxy-urs-11-en-28-oic acid, 2α, 3β, 13βtrihydroxy-urs-11-en-28-oic acid and 2α-hydroxyl ursolic acid were recently isolated from P. scandens [15] .
Pharmacological properties
P. foetida and P. scandens have displayed a wide spectrum of biological properties, such as anti-nociceptive, anti-inflammatory, antitussive, antioxidant, antimicrobial and antitumor activities. The following is an overview of the modern pharmacological evaluations conducted on these two species.
Anti-nociceptive activity: These two plants are particularly useful for pain-relief in folk medicine, which was confirmed by many pharmacological investigations. In 2007, Hossain reported that the hexane and methanol extracts of P. foetida, at a dose of 300 mg/kg body weight, showed significant anti-nociceptive activity in Swiss albino mice, with 37.4% and 25.2% inhibition in the number of writhings induced by acetic acid [26] . In 2003, a single report suggested that P. scandens injection (0.32, 1.6, 9.0 mL/kg, i.v.) could remarkably relieve persistent spontaneous pain induced by bee venom and formalin in rats, but without any anti-nociceptive or anti-inflammatory effect on the primary heat hyperalgesia, mechanical hyperalgesia and inflammatory responses [27] .
Based on previous studies, our group has performed many studies to evaluate the anti-nociceptive action of P. scandens in vivo. In 2007, we found that, given orally, both the light petroleum fraction (PEF, at doses of 20, 40 and 80 mg/kg) and n-butanol fraction (BF, at doses of 150, 300 and 600 mg/kg) of the MeOH extract from P. scandens displayed significant anti-nociceptive activities in both chemical (intraperitoneal acetic acid and subplantar formalin or capsaicin injections) and thermal (tail-flick test and hot plate test) models [13, 28] . To verify possible anti-nociceptive mechanisms, several receptor and ion channel blockers, such as naloxone, glibenclamide, nimodipine and L-NAME, were used. Further mechanism studies indicated that PEF-induced anti-nociception was possibly related to glibenclamide-sensitive K + -ATP channels [28] , while BF exerted anti-nociceptive activities, mainly through nimodipine-sensitive L-type Ca 2+ channels [13] . Our chemical studies revealed that PEF is mainly comprised of fatty acids (linoleic acid) and sterols (stigmasterol and β-sitosterol), which were previously known to possess potential analgesic activities. Iridoid glycosides are the main constituents of the n-butanol fraction, which prompted us to investigate the analgesic activity of these compounds in this fraction. Thus, we systematically investigated the anti-nociceptive activities of paederosidic acid methyl ester (PAME), a major iridoid glycoside, isolated from the n-butanol fraction of P. scandens. We found that PAME, at doses of 20, 40 and 60 mg/kg, exhibited significant inhibition of both chemical and thermal nociception in mice. Furthermore, we found that PAME-induced anti-nociception in the hot plate test was remarkable antagonized by L-NAME (NG-nitro-L-arginine methyl ester), methylene blue and glibenclamide. So, these results suggested that PAME-produced anti-nociception is possibly related to the pathway of NO-c GMP-ATP sensitive K + channels [29] .
Anti-inflammatory activity: In 1973, Srivastava et al. found that P. foetida, an indigenous plant in India, had significant antiinflammatory activity [30] . Subsequently, more and more studies were carried out to evaluate the anti-inflammatory activities of P. foetida. The n-butanol fraction of the methanol extract of the leaves demonstrated significant anti-inflammatory activity, producing 52% inhibition (100 mg/kg, i.p.) and 59% inhibition (200 mg/kg, i.p.) in rat cotton-pellet granuloma models, while the inhibition percentage of phenylbutazone was only 29% (100 mg/kg, i.p.). In addition, the rats' liver weight was unaltered by daily administration of the extract, although there was an increase in spleen weight, which indicated that the extract might exert an effect on the immune system [7] . Then, Asad et al. found that Sudard, a poly-herbal formulation comprised of P. foetida, possessed significant antiinflammatory activities [31] . In 2009, Rajashekhara et al. also found that P. foetida had a good effect on the disease "Amavata" in Ayurveda, which is similar to rheumatoid arthritis [32] . In India, P. foetida is used for the treatment of joint diseases. The leaf paste is applied externally to rheumatic parts of the body until completely cured. Leaves are also cooked with rice, which is taken for one or two days for treating rheumatism and gout, while the plant extract, given internally for 8-10 days, is used to treat joint pain [33] .
Ma et al. evaluated the anti-inflammatory effect of extracts of P. scandens (EPS) in rats with acute gouty arthritis induced by monosodium urate crystals. EPS (1.125, 2.25, 4.5 mg/kg, 9 days) had a remarkable effect in inhibiting the joint swelling of rats and improving their gait. EPS could also abate tissue swelling of ankle joints, reduce inflammatory cell infiltration of articular tissues and improve the pathological changes of synovial membranes on GA rats. Radioimmunoassay showed that EPS could reduce the levels of TNF-α and IL-1β in rats' synovial membranes [14] . Furthermore, these authors also found that the biological activity of NF-κB in synovial tissue was inhibited by EPS (2.25, 4.50 g/kg, i.g. 9 days) [34] . These results suggested that EPS exerted anti-inflammatory effects by modulating pro-inflammatory mediators' production in synovial tissue and inactivating the transmembrane signal transduction of NF-κB pathway. Effect on digestive system: Several studies have revealed the curative activity of P. foetida in digestive diseases. Roychoudhury et al. first reported that P. foetida had conspicuous antigastrointestinal helminth activity [35] . As a folk medicine in India, a decoction of P. foetida leaves and shoots (30 mL, 10 g in 100 mL of water) is taken for the treatment of abdominal colic and gastric ulcer, and the decoction of fresh crushed root (10 g in 100 mL water) is taken orally for the removal of worms [36] . In 1999, Ole et al. reported that P. foetida, an exotic plant in Mauritius, is used for treating ulcers and other complaints [37] . The aerial parts of P. foetida were utilized to cure diarrhea and dysentery in Assam [28] , where the decoction of leaves is taken orally for the treatment of stomachache. The leaf extract also showed anti-ulcer and antiinflammatory activities [38] . In 2006, Afroz et al. found that P. foetida (500 mg/kg) possessed notable antidiarrheal capacity in mice in the castor oil and magnesium sulfate-induced diarrhea models, which justified its traditional use in the treatment of diarrhea and dysentery [1] . In addition, the juice of P. foetida leaves (8%) exhibited a prophylaxis effect against gastric ulcer induced by ethanol in rats [39] . Recently, the root extract of P. foetida was reported to show a significant anti-ulcer activity in reducing gastric acid secretion and thus preventing ulceration in rats induced by pyloric ligation and aspirin, which justified its traditional use in folk medicine [40] .
Antibacterial and antiviral activity: P. scandens decoction (0.5 g/mL) showed inhibition against Staphylococcus aureus and Shigella flexneri in vitro, and P. scandens injection (0.5 mL, 5 g/mL, i.p.) was reported to exhibit a protective effect against intraperitoneal infection with Escherichia coli and Shigella flexneri in mice [20] . The ethanol extract of P. scandens also possessed an in vitro bacteriostatic effect against Escherichia coli, but without any effect on Bacterium proteus and Bacillus subtilis [41] . [42] . In a novel screening method, the ethanol extract of P. scandens produced significant inhibition (60%) of β-lactamase, which could produce bacterialresistance [43] , indicating that P. scandens has marked antibacterial activity. Recently, the volatile oil from P. scandens (extracted by steam distillation) was claimed to possess significant anti-virus activity [44] . The volatile oil, at concentration from 30~2000 mg/L, was tested against HBsAg and HBeAg secretion in HepG2.2.15 cell culture. Its TC 50 was 1550 mg/L, and TC 0 500 mg/L. At a non-cell toxic concentration, the high inhibition ratio was 72.5% on HBsAg and 23.6% on HBeAg. These results indicated that P. scandens has a significant inhibitory effect on anti-hepatitis B virus.
Anti-tumor activity: Paederoside, an iridoid glycoside isolated from P. scandens, showed significant inhibitory effects on the Epstein-Barr virus early antigen activation by tumor-promoters. In the test, the inhibition of paederoside (89.5%) was higher than that reported for genipin (62.1%) [45] , which indicated that paederoside could be a potential cancer chemopreventive candidate. However, further work is needed regarding its anti-tumor mechanism of action in vivo. Recently, Yu et al. isolated four ursane-type triterpenoids, 3β, 13β-dihydroxy-urs-11-en-28-oic acid, 2α, 3β, 13β-trihydroxyurs-11-en-28-oic acid, 2α-hydroxyl ursolic acid and ursolic acid, from P. scandens, which showed strong cytotoxic effects on HepG2, HL-60 and Mata cell lines, with IC 50 values ranging from 1.9 to 65.3 μmol/L [15] . However, the extract of P. foetida was unable to inhibit NF-κB/DNA interactions on different human cell lines (erythroleukemia K562, B-lymphoid Raji, T-lymphoid jurkat and erythroleukemia HEL cell lines), detected by the electrophoretic mobility shaft assay (EMSA), which indicated that P. foetida might not be an anti-tumor source [46] .
Antihyperuricemic activity:
In vivo data showed that the extract of P. scandens (EPS) was effective in the hyperuricemia mouse model induced by yeast and potassium oxonate. EPS (1.57, 3.15, 6.3 g/kg, i.g.), given orally for 14 days, significantly lowered the level of serum uric acid and inhibited the liver xanthine oxidase without effect on the weight and renal function. In addition, EPS (6.3 g/kg, i.g.) also possessed a significant inhibition on adenosine deaminase [47] . These authors suggested that the hypouricemic activity of P. scandens extract might be related to its dual actions: liver xanthine oxidase inhibition and the reduction of uric acid production [48] .
Antitussive activity: The ethanolic extract of P. foetida, given orally at a dose of 200 mg·kg -1 b.w., possessed a potent coughsuppressive effect in non-anesthetized cats by mechanical stimulation of the laryngopharyngeal (LP) and tracheobronchial (TB) mucous areas of the airways. The number of coughs and their frequency were significantly decreased (P<0.05) from both the LP and TB areas. The reduced intensity of the cough attack was obvious only during inspiration (IA -), while the intensity of the maximal effort was significantly decreased (P<0.05) in expiration (IME + ) from the TB area and inspiration (IME -) from both the LP and TB areas. The antitussive activity of the ethanolic extract of P. foetida was lower than that of the classical narcotic antitussive drug, codeine, but similar to that of the non-narcotic antitussive agent dropropizine [8] .
Antioxidant activity:
The antioxidant activity of P. foetida was determined by β-carotene bleaching and the 2, 2'-azinobis (3-ethylbenzothiazoline-6-sulfonic acid) (ABTS) radical cation assay [9] . The antioxidant activity of fresh P. foetida (78.1%) was the highest, and similar to that of DL-α-tocopherol (79.7%). Additionally, fresh P. foetida had 78% antioxidant activity, while the dried samples had only 65%, which was confirmed and justified by the higher content of phenolic compounds in the fresh samples.
Other activities:
The leaves of P. foetida were used as an antidote for snakebite in Meghalaya [5] . Extracts could also decrease the serum activity of GOT and GTP in the CCl 4 -induced hepatic injury model in mice [49] and exerted antioxidant properties against CCl 4induced hepatic damage in rats [50] , which indicated that P. foetida possessed potent hepatoprotective activity. P. scandens extracts (1.3, 2.6 g/kg, one month) could significantly alleviate the diabetic symptoms (hyperglucose and hyperlipid) in the diabetic mouse model (i.v. injection of strepotozotocin-induced diabetes) [51] . A distillate of P. scandens significantly inhibited the convulsion induced by pentetrazole; dimethyl disulfide was considered to be the major active constituent, which demonstrated potent activity in peripheral nerve block [52] .
Toxicity and edibility
Epileptiform discharges of rats, induced by systemic penicillin, could be significantly facilitated by administration of dimethyl disulfide (0.8~2.0 mg/kg, i.p.), a bioactive compound isolated from P. scandens, which could increase the voltage of continuous highamplitude sharp wave and the index of abnormal discharges of paroxysmal polyspikes. In addition, inhibition of respiration and decreased heart rate were also observed. These results indicated that dimethyl disulfide possesses a neurotoxic action [52] . When an injection of P. scandens (250 g/kg, i.v.) was given for three days, a decline in the spontaneous activities of mice was observed, but without any death. In a sub-acute toxicity test in mice, no abnormal reactions were detected after P. scandens injection (200 g/kg·d, i.p.) for two weeks. In addition, there was no pathological change in the brain, heart, kidney and spleen of mice [20] . Recently, Pang et al.
have evaluated the long-term toxicity of the iridoid glycosides from P. scandens (IGPS). Oral administration of IGPS (at doses of 280, 700, 1750 mg/kg, which was equal to about 40, 100, and 250 times clinical dosage) in rats for 3 months did not affect the weight, hematological indicators, routine blood biochemistry, visceral index and pathology of the tissues and organs compared with those of the control group, indicating that oral administration of IGPS did not cause any significant damage in rats [53] .
Besides their medicinal properties, P. foetida and P. scandens are also used as foodstuffs. The leaves of P. foetida can be eaten raw or steamed, as a vegetable. The soup made from P. foetida is considered wholesome for the sick and convalescent [54] . P. scandens has also been used as a food in southeast Asia for thousands of years. In Vietnam, the leaves of P. scandens are eaten as an ingredient of various foods [55] . "Smelling tsamba made from P. scandens" in Hainan had been certificated as "Chinese snack". In Guangdong, China, "old duck cooked with P. scandens" is welcomed as a dish that can act as a tonic for the spleen, promote appetite and nourish yin [56] . In 2006, Zhang et al. determined and analyzed the nutritional components of P. scandens. The content of ascorbic acid was higher than that of the common fruits and vegetables [57] . In addition, it was rich in amino acids and minerals, which is good for human health, suggesting P. scandens as a valuable wild resource with both medicinal and nutritional value. On the basis of the above information, it appears that P. foetida and P. scandens exhibited little toxicity and can be recommended both as drugs and for diet.
Clinical studies
Analgesia: There have been many clinical studies focused on the analgesic efficacy of P. scandens injection, a new analgesic drug (New drug Z20026421, Qirui Medicinal Co. Ltd in Guangdong, China), mainly comprised of asperuloside, paederside, scanderoside, arbutin, oleanolic acid and γ-sitosterol, which is safe, effective and has few side effects.
In clinical observation, P. scandens injection has demonstrated inhibition of various pain disorders, such as post-delivery pain, headache, toothache, and cancer pain. Eight clinical reports including 2831 cases obtained from several hospitals in Jilin and Shandong provinces in China, revealed that P. scandens injection is effective in more than 80 types of pain, with total effective rates ranging from 79.9% (974 cases) to 97.0% (813 cases). Among these, the effective rates in relieving abdominal pain, postoperative pain and chemical-induced pain were 88.9% (335 cases), 85.6% (219 cases), and 91.4% (58 cases), respectively. Generally, this injection showed excellent efficacy, especially for smooth muscle spasm, traumatic injury and postoperative pain, without addiction and with little toxicity [58] . Another clinical observation of 531 patients, including 50 cases of either bone fracture or traumatic injury, 73 cases of gastrointestinal, gut, or renal colic, 176 cases of either lumbus and leg pains, or toothache, 140 cases of postoperative pain, and another 92 cases, reported that the total effective rate of P. scandens injection was 97% [58] . Another study also confirmed P. scandens injection as a superior anodyne for cancer pain [59] . The above-mentioned injection can also relieve or remove the pain of women in childbirth and strengthen the rhythm of uterine contraction, with a total effective rate of 92.1% (165 cases). Furthermore, there was no effect on either the parturients or fetuses [58] .
When combined with morphine, used for postpartum analgesia of caesarean section, Han found that the clinical analgesic effect of P. scandens injection is satisfactory without addiction, drug resistance and adverse effect [60] . A randomized, blind, controlled clinical trial reported that P. scandens injection has excellent effects in relieving pain produced by the peripheral nerve pathological changes of diabetics, with long ease time, no addiction and may be used repeatedly and continuously [61] .
Treatment of digestive diseases: P. scandens capsule (P. scandens 5 g, Rhizoma Polygoni cuspidate 2 g, Corydalis tuber 3 g, Saussurea lappa 1 g, Rhubarb 1 g and sodium sulfate 0.5 g), a compound capsule including P. scandens as a principal drug, was used for the treatment of chronic cholecystitis. In a clinical report, the curative rate (90%, 36/40) of P. scandens capsules in the treatment of chronic cholecystitis was much higher than that of Xiao-yan-li-dan tablets, a Chinese patent medicine with significant antiphlogistic and cholagogic effects [62] . In 1996, Song used P. scandens soup for the treatment of chronic diarrhea and the total effective rate was 92.1% (48/52) [63] . This clinical study justified its traditional medicinal use for dysentery. Lin et al. used P. scandens combined with Chai-hu-liu-jun-zi soup (Radix bupleurum chinense 10 g, Radix Paeoniae rubra 15 g, Radix Paeoniae alba 15 g, Radix Codonopsis 6 g, fried Atractylodis macrocephalae 15 g, Poria 15 g, Pinelliae processed with ginger 10 g, Pericarpium citri reticulatae 10 g and Glycyrrhizae 3 g) to treat functional indigestion, resulting in a satisfactory effective rate [64] . [66] . This Paederiae decoction may improve ischemia and hypoxia and quicken the healing of ulcers, which is good for diabetic feet and worth popularization.
Treatment of lepromatous leprosy reactions:
Intravenous administration of P. scandens injection (1000 g P. scandens leaves or stem in 1000 mL distillate) displayed efficacy in the treatment of lepromatous leprosy reactions (metaphase or malignant) with 25 cases cured, 7 cases relieved and 5 cases unimproved; the total effective rate was 67.5% (25/37) [67] . This herb exhibited an antiinflammatory effect, which may contribute to the relief of joints and lymph reaction, but with poor therapeutic effect on erythema nodosum reaction and neuralgia.
Other treatments: P. scandens injection was used to treat osteomyelitis, with an effective rate of 91%. Among the 45 cases, 27 patients recovered, 14 patients improved and 4 patients had no change [58] . Leaves or chit of P. scandens were used externally for the treatment of neurodermatitis, two or three times a day (5 minutes per time), and the total effective rate was 100% (11/11) [67] . P. scandens injection was also helpful for the recovery of damaged renal function by reducing lipid peroxidation injury, strengthening the ability of radical elimination, and relieving kidney ischemia reperfusion injury [68] .
P. scandens injection was good for the treatment of rheumatoid arthritis with a total effective rate of 88.8% (32/36) [69] . P. scandens hypolipidemic decoction was made from P. scandens (30 g), raw Fructus crataegi pinnatifidae (20 g), raw Radix polygoni multiflori (15 g), Rhizoma Chanxiong (15 g), Fructus et semen Trichosanthis kirilowii (10 g), Cassia obtusifolia (20 g), Rhizoma alismatis (5 g) and prepared Rhubarb (3 g). Taken orally for two 2 weeks, the total effective rate of this decoction was 93.0% (53/57) for the treatment of hyperlipemia [70] . In addition, surgery, in combination with the bathing formula of P. scandens, had a good effect on perianal eczema caused by fistula [71] .
Conclusion
We have documented the existing traditional medical uses, phytochemical, pharmacological and clinical studies on P. foetida and P. scandens, two well explored Paederia species. Many scientific references show that the traditional medical uses of these two Paederia species have been evaluated by modern pharmacological studies.
P. foetida traditionally used in the treatment of inflammation and rheumatism was validated to possess significant anti-inflammatory and anti-RA activities in vivo, which may be related to its effect on the immune system [7, 32, 33] . Traditional uses of P. foetida in digestive diseases were also confirmed by its antidiarrheal, antiulcer and heptoprotective activity in vivo [1, 40, 50] . Abundant evidence has proved that P. scandens possesses impressive analgesic activity, which has been systematically investigated and confirmed by several clinical investigations [58] [59] [60] [61] and, therefore, justified its traditional uses in various pain disorders. The traditional use of P. scandens for jaundice may be attributed to its significant inhibitory effect on anti-hepatitis B virus [44] . In addition, anti-tumor and anti-hyperuricemic activities were also observed for P. scandens [15, 54] , which attracted our interest and prompted us to further study the activity of P. scandens. Although an increasing number of studies have been carried out on the relationship between traditional uses and pharmacological activities of these herbs, more details of the pharmacology and mechanism of action are needed to better understand the theoretical basis of Traditional Chinese Medicine and the relation between traditional uses and modern pharmacology of these two Paederia species.
More than one hundred compounds have been isolated and identified from these two Paederia species, including iridoids glycosides, flavonoids, volatile oils, triterpenoids, sterols, coumarins, and anthraquinones. Although several compounds responsible for the pharmacological properties seem to have been determined, there is also an urgent need to search for individual secondary metabolites responsible for these pharmacological activities and the mechanisms of actions, as well as the structureactivity relationship of these active constituents.
